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Special Theme: The Sensor Web
This research arose through involve-
ment in a joint European Union-funded
FP6 project called Proetex (www.proe-
tex.org). The aim of the project is to
develop textile- and fibre-based inte-
grated wearable sensor systems. Such
systems will improve the safety and
efficiency of emergency personnel by
monitoring the health status of the oper-
ator and the surrounding environment
for potential risk sources. Some of the
issues covered are monitoring of vital
signs, posture and activity, external
hazard monitoring, and low-power
wireless communications. The project
is closely connected with other large
European projects on smart textiles,
wearable sensing and associated appli-
cations – it brings together and extends
the technology developed by previous
projects (see for example www.biotex-
eu.com). 
The project brings together 23 partners
from a range of backgrounds – univer-
sities, research institutions, industrial
partners and end users – drawn from
laboratories in France, United King-
dom, Poland, Italy, Belgium, Switzer-
land, Germany and Ireland.
Detecting Hazardous Gases in Emergency
Disaster Scenarios using Wearable Sensors
by Tanja Radu, Cormac Fay, King Tong Lau and Dermot Diamond
The aim of this project is the development of integrated smart wearable sensors for emergency
disaster intervention personnel. The CLARITY (The Centre for Sensor Web Technologies at Dublin City
University) team is involved in the integration of gas sensors into wearables for detection of
hazardous gases like CO and CO2.
differences. MW-SQL allows users to
express queries to manipulate, filter and
organize sequences of tuples generated
by the sensors. MW-SQL relies on the
concept of source to present the user
with an abstraction of a sequence of
tuples arriving from a precise origin.
The MaD-WiSe query interface is
shown in Figure 3.
The MaD-WiSe context information
provider fits within the raw data
retrieval layer of a context-aware archi-
tecture. It comprises a low-level mod-
ule (composed of a query parser, an
execution plan optimizer and a query
manager) and a higher-level module,
the JDBC driver, which interacts with
the low-level module by means of the
MW-SQL language. At the current
stage of the project, the JDBC driver is
being encapsulated within an OSGi
bundle in order to implement a gateway
between the WSN and the Sensor Web,
and to enable queries involving differ-
ent WSNs in the Sensor Web.
MaD-WiSe was developed using nesC
and is available for both TinyOs 1.x and
2.x. It runs on WSN platforms based on
Figure 1: Firefighters being
monitored with MaD-WiSe.
MICAz and IRIS motes and is distrib-
uted with an open-source licence. Fur-
ther information and downloads can be
found on the project Web site.
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Researchers from CLARITY based in
the NCSR at DCU are involved in the
integration of sensing platforms into
wearables for the detection of environ-
mentally harmful gases surrounding
emergency personnel. Special attention
is being paid to carbon monoxide (CO)
and carbon dioxide (CO2). These gases
are associated with fires and mining
operations, and it is of the highest
importance to warn and protect opera-
tors from potential harm caused by
over-exposure to high concentrations of
these gases. The objective is rapid
detection of the status of an environ-
ment (low, medium or high hazard) and
real-time communication of this infor-
mation to the garment wearer. Critical
in this identification of potential toxifi-
cation is a reliable method of measuring
CO/CO2 exposure. Commercially
available sensors have been carefully
selected and are being integrated into
the outer garments of firefighters. The
sensors provide sufficient sensitivity to
reliably alert users to the presence of
these harmful gases. Another important
aim is to achieve wireless transmission
of sensor signals to a wearable wireless
base station that gathers, processes and
further transmits the data. 
When selecting the appropriate com-
mercially available sensors for the gas
sensing application, special attention
was paid to sensor size, robustness, sen-
sitivity and power requirement. Electro-
chemical sensors satisfy most of these
requirements, especially in terms of
size and power requirements. CO is
detected using an amperometric sensor
in which the current between the elec-
trodes is proportional to the concentra-
tion of the gas. On the other hand, the
CO2 sensor is potentiometric. In this
case, the reference and working elec-
trodes are placed in an electrolyte that
provides a reference CO2 concentra-
tion. The measured potential is based on
the difference in concentration between
the reference electrode and the outside
air.  Both types of sensors are very sen-
sitive and give an accurate reading (in
parts per million). This means that both
low concentrations of these gases
(which can be hazardous over long peri-
ods of exposure) and high concentra-
tions (which pose an immediate danger)
can be accurately detected. The signal
obtained from these sensors is transmit-
ted wirelessly to the wearable base sta-
tion using Zigbee. Power is supplied to
the sensors using a nickel metal hydride
rechargeable battery. The CO2 sensor is
placed in a specially designed pocket
located on the firefighter's boot. The
pocket is designed not to obstruct the
firefighter's activities. The prototype
currently used for testing is shown in
Figure 1; note the side pocket contain-
ing the CO2 sensor along with the wire-
less sensing module and a battery. The
pocket has a waterproof membrane that
protects the sensor from humidity, but
allows gas to pass through. The CO sen-
sor will be integrated in the firefighter's
outer garment (ie jacket). All sensed
information will be fed to a wearable
local base station that shares the data
with a remote centralized base station.
The ultimate goal is to achieve local
communication between firefighters
and civil workers in the operations area,
as well as longer-range communica-
tions between these personnel and the
support team outside the operations
area.
The project commenced in 2006 and
will end in early 2010. The project is
envisioned to produce three sets of pro-
totypes during the four years of its exis-
tence; so far two generations of proto-
types have been successfully devel-
oped. At this stage, accurate wireless
transmission of the sensor signal has
been successfully achieved (see Figure
2). Future activities will include evalua-
tion of prototypes in laboratory and
field conditions. Their performance will
be compared to that of existing technol-
ogy, and will be improved upon by cus-
tomizing the products according to the
specific user needs. Finally, the prod-
ucts will be tested in real-life situations
as an ultimate proof of their full func-
tionality.
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Figure 1: Firefighter's boot with built-in
pocket used for enclosing the CO2 sensor and
wireless communications platform.
Figure 2: Wirelessly transmitted signal from CO2 sensor calibration (range atmospheric to
42000 ppm CO2). Sensor was enclosed in an airtight chamber and CO2 was injected.  
